I. INTRODUCTION
Fluids confined in pores exhibit significantly different physical behavior as compared with bulk systems. The competing fluid-pore walls and fluid-fluid interactions lead, under certain thermodynamic conditions, to surface-driven phase transitions, such as layering, wetting, and capillary condensation. To understand these phenomena, computer simulation techniques, as well as different theoretical methods are commonly used. [1] [2] [3] The adsorbing properties of porous solids can be changed by their physical or chemical modification. This possibility is of practical importance and has been explored for several specific purposes. In particular, physical modification of the pore walls may be reached by preadsorption of certain molecules. [4] [5] [6] [7] Experimentally important and theoretically interesting are the adsorbents in which the pore walls are modified by preadsorption of complex molecules, specifically by chains. The description of the microscopic structure and resulting thermodynamic properties of chain molecules grafted to the solid has attracted much attention. [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] This type of physical systems involves not only grafted species under confinement but also fluid particles that are adsorbed on the solid surfaces and within the layer of grafted molecules.
In our previous works 20 , 21 we used a density functional approach to discuss how tethering the chains to the walls of a slitlike pore can influence phase equilibria of confined fluids. Our research has been based on the application of a suitably modified version of the density functional theory, developed by Wu and co-workers. [22] [23] [24] [25] We demonstrated that under certain thermodynamic conditions the pore filling may be accompanied by the change of the symmetry of the distribution of chains and confined fluid molecules inside the pore. Moreover, we also investigated 26, 27 how chains grafted to a single surface modify the layering and wetting transitions and discussed the crossover between these two phenomena. a) Electronic mail: stefan.sokolowski@gmail.com.
An interesting fact from the theoretical point of view model is based on the assumption that the wall (or walls of a pore) are completely impenetrable to some selected species of a fluid mixture, but permeable to other species. [28] [29] [30] [31] [32] [33] [34] Such models may be useful for interpreting the adsorption behavior of several natural systems as, for example, soils, in which not only adsorption but also absorption occurs. Therefore, it is of interest to consider a model of pores with partially permeable walls that would be useful in the interpretation of the results of experimental measurements of adsorption of fluids by some natural adsorbents, like clays or soils.
A system comprising of a layer of chain molecules terminally joined to a surface that is permeable only to some selected components of a fluid can be considered as a crude model of a membrane. [35] [36] [37] [38] [39] [40] [41] [42] However, if two such layers are involved, the model can be used to mimic behavior of lipid bilayers that are of fundamental importance in cellular biology. 43, 44 One of frequently considered models of bilayers is the so-called "tethered chain models," according to which the bilayer integrity is maintained by tethering selected segments of chains to two common sheets. 35, 40, [45] [46] [47] [48] [49] The aim of this work is to study the phase behavior of a two-component fluid in contact with a slitlike pore with walls modified by tethered chains. The walls are permeable for one component of the fluid and completely impenetrable for the second component. The fluid particles and the segments of chains interact via repulsive-attractive van der Waals forces. Therefore, the phase transitions we expect to find include: capillary condensation, layering and wetting. According to our knowledge, there exist no experimental works that would correspond exactly to the model considered by us. However, an interplay between capillary condensation and wetting in membranes has been proposed as a mechanism for dehumidification of streams in technological processes. 50 We are convinced that it is of interest to investigate phase transformations in such systems. To our best knowledge no such study, based on density functional approach has been presented so far.
For some model systems we also search for the symmetry change in the system. 21 The symmetry change was observed in the studies of surfactants confined in slits. 51, 52 It was found that when two surfaces, coated with surfactant layers, were brought to a distance comparable to the surfactant length, the system can choose between having two compressed surfactant layers or having just one layer (attached to only one of the surfaces). We also note that spontaneous formation of asymmetric lipid bilayers by adsorption of vesicles was investigated by Wacklin and Thomas. 53 However, we should clearly state that the mechanism of the symmetry change discussed in the above quoted works was different from that studied in Ref. 21 .
The paper is arranged as follows. In Sec. II we outline briefly the model and theory. Then, we first present comparisons of the theoretical results with selected Monte Carlo simulations and next-the results of theoretical calculations. Of course, the models considered do not exhaust all the situations that are possible to think of. In particular, we limit ourselves to studies of mixtures that do not exhibit demixing transitions in the bulk phase, therefore no surface demixing [54] [55] [56] of the fluid components is expected to occur. Moreover, we exclude from our considerations the Coulombic forces, which are known to play an important role in experimental setups and can also lead to several interesting phenomena.
II. MODEL AND THEORY
We consider two walls, at a distance H apart, the first wall located at z = −H/2 and the second at z = H/2. The walls are modified with tethered chains. For simplicity we assume that all the chains are identical and that each chain is built of M tangentially jointed hard spheres of the same diameter σ (c) . The total number of chains is fixed. In the majority of the calculations presented below we have assumed that the number of chains pinned at each plane is the same. Under some conditions, however, this assumption has been removed. The chain connectivity is ensured by the binding potential between the nearest-neighbor segments. The total binding potential, V b , is given by [22] [23] [24] [25] 
In the above R = (r 1 , r 2 , ..., r M ) is the vector of coordinates of all the segments of a given chain. The chains are pinned by the first j = 1, segment, i.e., this segment feels a very strong, short-ranged, potential
where κ = z + H/2 for the first plane or κ = z − H/2 for the second plane. In the above C is a constant, the precise value of which is irrelevant if the total number of grafted chains is fixed. 20, 21, 26, 27, 35 All the remaining segments, j = 2, 3, . . . , M occupy the space Z 1l ≤ z ≤ Z 1u if the first segment is pinned at the first plane, and Z 2l ≤ z ≤ Z 2u for chains pinned at the second plane. To assure that, and taking into account the connectivity of the chains, we impose an ex- ternal potential of the form
for the chains pinned at the first plane, and
for the chains pinned at the second wall. The illustration of the model used in this work, that is called "the inner leaflet model," can be found in Fig. 1 of Ref. 35 . The system also contains spherical molecules of the species 1 and 2 of the diameters σ (1) and σ (2) , respectively. The molecules of the component 1 can be found anywhere in the system, thus the external potential acting on these molecules is zero everywhere, v (1) (z) ≡ 0. However, the walls at z = ±H/2 are impenetrable for the species 2,
i.e., the component 2 can be found only "outside" the pore formed by two walls. Note that similar definition of the potential was also used in previous works to model semipermeable walls. 29, 34, 57 The interactions between all spherical species, i.e., the segments of chains (c) and the species 1 and 2 are described by the Lennard-Jones (12,6) potentials
where i, j = 1, 2, c, σ 
The system is studied in the grand canonical ensemble with the constraint on constancy of the number of chain molecules, i.e.,
as it has already been mentioned. Moreover, when the condition of equal numbers of the chains pinned at each wall is imposed, then we additionally have
The thermodynamic potential appropriate to describe the system is
where
(r)] is the Helmholtz free energy functional.
The expression for
(r)] is taken from the theory outlined in previous works. 20, 21, 26, 27 In particular, the hard-sphere contribution to the free energy functional was evaluated from the Boublik-Moonsori-CarnahanStarling- (9)]. For the sake of brevity we do not present the resulting density profile equations, since they are formally identical with those reported in our recent works. 20, 21, 26, 27, 35 The density profiles are used to calculate the adsorption isotherms. We distinguish the "inner,"
(i) i , and "outer,"
where ρ
b is the bulk density of the component i. Strictly speaking, (i) o is the excess isotherm calculated for the righthand side of the pore
or . In some cases it might be useful to distinguish the right and left-hand side "outer" isotherms, (i) or and
ol , the latter defined by Eq. (13), but with the integration limits from −∞ to −H/2.
III. RESULTS AND DISCUSSION

A. Comparisons with Monte Carlo data
In order to test the theory we have carried out comparisons with Monte Carlo simulation data. It is obvious, that when molecules interact via attractive-repulsive forces, the agreement of theory and simulations may crucially depend on the approximations used to determine the attractive force contribution to the free energy functional. Undoubtedly, the mean-field approximation does not allow to obtain a good quantitative agreement with simulation data within a wide range of densities and temperatures. Therefore, we have performed comparisons at high temperatures only.
The simulations were carried out assuming that the size of all spherical species (i.e., spherical molecules and the segments) is the same and equals
However, the segment-segment interaction was just of the hardsphere type. The same model is next used in majority of theoretical calculations presented in Sect. III B.
Canonical ensemble Monte Carlo simulations were performed in a parallelepiped box of the dimensions X L × X L × Z L. The distance Z L was much larger that X L. The simulations were carried out using the Rosenbluths bias 59 for chains. In general, the agreement of simulations with theoretical predictions is satisfactory and comparable to that observed previously for the brushes attached to completely impenetrable walls. We must stress, however, that it does not mean that a similarly good agreement will be observed for other state conditions of the fluid; in particular, in the regions of possible phase transformations.
B. Phase behavior
The phase behavior of the considered system depends on a number of parameters and for some combinations it may be quite complex. The main parameters of the model are the sizes of two types of spherical molecules and of the segments, the energy parameters defining the interactions between all the spherical species, the width of the pore, the number of tethered chains and their length, and the concentration of spherical molecules in the bulk phase. Moreover, the character of the distribution and some conditions delimiting the behavior of nonpinned segments may also be crucial. For example, one can consider the models in which the distribution of chains inside the pore is symmetric with respect to the pore center, or the models where the chains distribution is nonsymmetric.
The system contains a confined part (i.e., the part with the molecules placed inside the pore as well as located outside the pore, but near the pore walls) and a bulk part (containing the molecules located far away from the pore walls). Thus, we can expect the occurrence of different surface phase transitions (capillary condensation, wetting, and layering transitions), and the bulk phase transitions. Specific interactions between unlike species may lead to the demixing transition; in particular the demixing may occur in the outer surface layers. [54] [55] [56] Depending on the interactions between the spherical molecules and the segments of chains, additional demixing transitions may also occur inside the pore.
In order to reduce the number of possible situations to a minimum we consider an extremely simplified model that was used in simulations. In some cases, however, we allowed for ε (cs) to be different from ε. This model excludes a possibility of demixing transition in the bulk phase. All the density functional calculations have been carried out assuming equimolar concentration of the bulk phase and in all cases we have assumed that the chains are built of M = 8 segments. Despite so drastic limitations imposed on the model we shall demonstrate that its phase behavior may be quite complex.
Let us begin with the discussion of results for the systems exhibiting a symmetric distribution of chains inside the pore. In the present model we also assume that no segments are present outside the region of −H/2 ≤ z ≤ H/2, i.e., for the segments j = 2, 3, . . . , M we set exp[−βv In Fig. 2 we show a series of adsorption isotherms of the component 1 inside (solid lines) and at one of the outer walls of the pore (dashed lines), evaluated at different temperatures. At T * = kT /ε = 0.7 we observe capillary condensation inside the pore (the step labeled as "1" on the adsorption isotherm in the left panel). At all remaining temperatures the pore filling is a continuous process. Performing additional calculations we have found that the critical temperature of capillary condensation is close to T * cc ≈ 0.72 in that system. It is significantly lower than the bulk critical temperature, which is equal to T * C ≈ 1.37. At higher temperatures the isotherms at the outer wall are continuous and diverge when the bulk density approaches the bulk liquid-vapor coexistence (marked as dotted, vertical lines in the right panel of Fig. 2) . At lower temperatures, however, the "outer isotherms" exhibit steps (labeled as "2" and "3" in the right panel of Fig. 2 ), connected with a rapid filling of consecutive layers, i.e., with the layering transitions. Figure 3 illustrates the changes in the system structure during the capillary condensation (part a) and layering transitions (part b). The left panel of Fig. 3(a) displays the changes in the total segment density profiles and in the profiles of the adsorbate 1 resulting from the capillary condensation, while the right panel shows how the distribution of selected individual segments changes when the fluid condenses inside the pore. Capillary condensation results in the formation of a pronounced peak of species 1 in the pore center. Instantaneously, the density of segments that are not chemically bonded to the walls decreases at the pore walls and increases in the inner part of the pore.
On the other hand, the layering transitions do not lead to remarkable changes of the structure inside the pore; only a small modifications of the density profile of the component 1 are seen in Fig. 3(b) . However, these small changes lead to the occurrence of small jumps on the inner adsorption isotherms. They are hardly seen on the scale of Fig. 2(a) , but their positions are indicated by the arrows with the labels "2" and "3." These jumps on the outer adsorption result from the filling of the second and of the third layer outside the pore, respectively [cf. Fig. 3(b) ]. The layering transition "2" vanishes at the temperature close to 0.72, while the transition "3" persists up to the temperature of T * ≈ 0.76. Thus, those temperatures are roughly the critical temperatures of layering transitions within the second and the third outer layers, respectively. The filling of the first layer has been found to be continuous within the investigated range of temperatures. Our calculations have also shown that at temperatures T * ≤ 0.75, and for the bulk densities very close to the bulk density at the liquid-vapor coexistence, the development of a thick film outside the pore occurs via a series of discontinuous steps. However, we have not explored this behavior in detail.
One can ask what is the origin of the layering transitions at the outer walls, if there is no attractive interaction potential between the wall and the spherical fluid components. However, there exist attractive chain's segment-spherical fluid
Because the structure of the chains between two walls changes very little during layering transitions, and because the layering transitions occur at bulk densities close to the bulk liquid-vapor coexistence, when the pore is almost completely filled with confined fluid whose density distribution ρ (1) (z) for −H/2 < z < H/2 is almost constant [cf. Fig. 3(b) ], one can define an effective one-body potential v (eff,i) (z) acting on the molecules of species i = 1, 2 outside the pore as
In the case considered here, the potential v (eff,i) (z) is strong enough to initiate the layering transitions at outer walls at low temperatures (the presentation of the plots of the potential v (eff,i) (z)has been omitted for the sake of brevity).
The tethered chains play a dual role. First, they act like obstacles reducing the volume inside the pore accessible to adsorbate molecules. The reduction of volume leads to the lowering of critical temperature of the confined fluid. Second, the segments of tethered chains attract the fluid particles. An increase of the density of segments inside the pore increases the attraction and therefore shifts the chemical potential in the transition point toward lower values. When the attractive interactions between the segments and fluid molecules are low enough, one expects to observe the effect of capillary evaporation rather than capillary condensation.
In Fig. 4 we show the examples of adsorption isotherms of the component 1 inside the pore of H = 5σ wide and at one of its outer walls. In part a of Fig. 4 all the parameters, but R C , which is now 0.1, are the same as in Figs. 2 and 3 . We have not observed capillary condensation over the entire range of temperatures used. At still lower temperatures a capillary evaporation has been seen instead, but we did not perform detailed studies. Also, the outer isotherms, (1) o , remain low and finite up to the bulk liquid-vapor coexistence at all temperatures used. This means that the outer surfaces are not wetted by the adsorbate. However, when the model parameters are slightly altered by setting ε (c1) = ε (c2) = 1.5ε, the picture of phase transformations in the system changes. The capillary condensation [ Fig. 4(b) ] occurs up to T * ≈ 0.92, the outer surface is wetted [ Fig. 4(c) ] and at the lowest temperature we also observe layering transitions. The adsorption jump associated with the layering transition within the second outer layer is distinguished by two delimiting black dots in Fig. 4(c) .
We recall that in the case of the isotherms displayed in Fig. 2 the layering transitions induce the occurrence of small jumps on the isotherms (1) i inside the pore. This means that the thick film growing outside the pore "pushes" some molecules into the pore. Here we observe a different phenomenon. When capillary condensation occurs, an abrupt (1) o (c). Now ε (cs) = 1.5ε, s = 1, 2, but all remaining parameters are the same as in (a). Solid lines are the results at T * = 0.7 and green lines-at T * = 0.9. In the case of (1) i at T * = 0.7 we show hysteresis loop and the red lines denote the equilibrium transition. The inset in (c) illustrates the behavior of filling of the pore by a liquid-like phase causes a (small) decrease of adsorption outside the pore. This is also illustrated in Fig. 5 , where in the left panel we have plotted the density profiles corresponding to the dilute and dense phases inside the pore. The right panel, however, shows the individual density profiles of selected segments j. For a better visualization we have magnified a part of the profiles of the fluid component 1 in the region close to the pore wall.
The capillary condensation results in the formation of a "droplet" of species 1 close to the pore center. This process is accompanied by a shift of the segments of tethered chains in the same direction, i.e., it leads to the chains straightening. Due to the existence of chemical bonds between the nearest segments, the segments of chains inside the pore are more ordered than the molecules of fluid 1. When the droplet is formed, the molecules of fluid 1 are "sucked into" the pore from the space outside the pore, (cf. the inset to the right panel of Fig. 5) , what results in the lowering of the isotherm (1) o , see the inset to Fig. 4(c) .
The next series of calculations has been carried out setting R c σ 2 = 0.4. The results in Fig. 6 are for ε (c1) = ε (c2) = 0.8ε (parts a and b) and for ε (c1) = ε (c2) = ε (part c). All remaining parameters are the same as in all preceding figures . Now, the density of segments is very high inside the pore, so that no capillary condensation is observed neither for 
= ε (part c) the (1) o isotherms behave like those in Fig. 2 and at T * = 0.8 we observe the existence of layering transitions. The transition within the second outer layer is marked by dots in Fig. 6(c) . The layering jump also induces the jump of the "inner" adsorption isotherm, but it is invisible on the figure scale. With the increase in temperature, the layerings are rounded out and the isotherms (1) o have the shape characteristic for a complete wetting.
However, when ε (c1) = ε (c2) = 0.8ε, i.e., when the segment-fluid interactions are weaker (and the effective potential v (eff,i) (z) is also weaker), the situation changes, see Fig. 6(b) . Again, we do not observe any trace of capillary condensation, but now at lower temperatures (T * = 1 and T * = 1.2), the adsorption (1) o remains finite up to the bulk liquid-vapor coexistence, whereas at T * = 1.25 the isotherm (1) o diverges when the bulk density approaches the bulk liquid-vapor coexistence. Thus, what we have here is the wetting transition. We have carried out several calculations at the temperatures from the range 1.2 ≤ T * < 1.25 and have not found the prewetting transition. Therefore, the wetting in the system in question is likely to be the second order transition. Figure 6 (a) illustrates the growth of the film outside the pore at T * = 1.25. We see that the thickness of the film grows continuously when the density approaches the bulk liquid-vapor coexistence (ρ (1) b σ 3 = 0.048 25), while the total segment density profiles, and also the profiles of individual segments (the relevant plot has been omitted for the sake of brevity), remain practically unchanged. The blue horizontal line in Fig. 6(a) denotes the bulk dew density, which is approached by the density of growing film.
All the calculations presented so far have been carried out for H = 5σ . For narrow pores (compared with the maximum length of chains, Mσ ), there is a strong overlap of brushes attached to opposite walls. When H is large compared with Mσ , the adsorption at the brushes attached to opposing walls becomes almost independent. Under such conditions one can expect the occurrence of phase transitions similar to those discussed in Refs. 26 and 27 in addition to the capillary condensation (evaporation). As we have learnt from the results presented above, the transitions occurring at the outer walls, however, depend mainly on the amount of attached segments, R c , and on the strength of the fluid-segment interactions. Therefore, the most interesting are the cases when H is not too big, since in those cases a competition between different effects may lead to novel phenomena.
In Fig. 7 we show examples of the results for the system characterized by the following set of parameters:
Similarly as in previously considered model, the segment-segment interaction is of hard-sphere type. For the system under study the capillary condensation critical temperature is close to 1.069, i.e., the isotherm (1) i at T * = 1.07 is only marginally supercritical. The phase diagram for the capillary condensation, plotted in the temperature-adsorption plane is displayed in the inset of Fig. 7(a) . At T * = 0.8 we have evaluated the onsets and terminating points of two layering transitions (within the second and the third outer layers), and of the layering transition within the third layer at T * = 0.9. Undoubtedly, at lower temperatures the layering transitions extend over higher layers as well, but we did not explore this phenomenon in details.
At the chemical potential below the capillary condensation, the most inner part of the pore is unfilled and the fluid molecules adsorb "inside" the brush. Capillary condensation leads to the filling of the pore interior by a fluid and causes the brush straightening. A high density of chain segments inside the pore leads to the development of a rather well ordered structure of the brush, in which the chains order in the direction perpendicular to the walls. Because the size of the molecules 1 is the same as the size of the segments, the ordering of the adsorbate follows the brush ordering and development of a layered structure, cf. Fig. 7(a) .
Finally, we remove the assumption about symmetric distribution of tethered chains inside the pore, that was a priori imposed in all previous calculations. Of course, the total amount of tethered chains is still fixed, but now their distribution (and the distribution of their tethered "heads" in particular) at the two walls can be different. The shape of the local density functions results from the minimization of the thermodynamic potential Y [Eq. (11)]. In that model the minimization may either lead to symmetric or to nonsymmetric distribution of the fluid in the system. In particular, under certain thermodynamic conditions we can expect the symmetry change in the system: from the profiles symmetric with respect to the pore center to the nonsymmetric profiles (or vice versa). We recall that in the case of a similar model, but used to describe adsorption inside the pore with totally impenetrable walls, we observed such changes of the distributions of both the tethered chains and the confined fluid. 21 The model used in calculations is described by the following set of parameters: H = 6.5σ , R c σ 2 = 0.2, and ε
= ε (c2) = ε, and the results are presented in Fig. 8 . Let us analyze the adsorption (1) i at T * = 0.8, cf. Fig. 8(a) . There are two jumps of (1) i , delimited by black dots. To interpret these steps we inspect the density profiles given in Fig.  8(b) . At low bulk densities ρ (1) b the profiles of segments and of the component 1 are symmetric with respect to the pore center. After the first jump of (1) i the symmetry of the profiles is broken. The adsorption diminishes slowly the asymmetry of local density distributions, and finally at a certain bulk density the system abruptly (the second jump in adsorption) returns to the symmetric local densities. Similar changes are observed at T * = 0.9, but both adsorption steps become smaller. At T * = 0.945 the first step, although very small, still exists. However, instead of the second step we observe a "knee" on the isotherm.
We have inspected the behavior of the system at the temperatures from the range 0.9 < T * < 0.95 and plotted the phase diagram in the chemical potential-temperature plane, cf. the inset to Fig. 8(a) . The black line denotes a part of the bulk phase diagram, and the red line displays the first transition connected with the instantaneous partial filling of the pore accompanied by symmetry breaking. This transition occurs at the temperatures up to about 0.95. The green line corresponds to a final filling of the pore and the return to the symmetric distributions. However, it is difficult to determine precisely the temperature at which the jump of adsorption transforms into the knee, presumably it occurs at T * ≈ 0.91. At the temperature of T * = 0.95 we have not seen any changes in the symmetry during the adsorption. In Fig. 8(a) we have also plotted the isotherm at T * = 1. It is smooth and no changes in the character of the distribution of the chains as well as of the fluid particles in the pore occurs in this case.
The sequence of transitions in the system under study is as follows. At low temperatures and for low enough bulk fluid densities the pore is filled with a rarefied fluid. The density profiles of the fluid and the chains are symmetric. At a certain bulk density the pore is abruptly partially filled and this transformation is accompanied by the change of the local densities from symmetric to nonsymmetric. Then, a second transformation takes place. It is connected with the filling of the entire pore and with the "return" of the system to symmetric local densities.
The explanation for the observed changes is as follows. The value of the thermodynamic potential Y in a given thermodynamic state results from an interplay between the terms arising from hard-sphere interactions, chain connectivity and attractive interactions. The latter term attains its minimum for maximum attraction between spherical species. The attractive interactions tend to increase the density in the system. If a constraint on constancy of the amount of some species is imposed, the increase of the contribution to the free energy due to attractive interactions may occur via appearance of less and more dense regions that, in the case of the system under study, results in the breaking of the density profiles symmetry. On the other hand, a further increase of the density, due to the confinement of spherical molecules of species "1," leads to a significant increase of the volume exclusion (hard-sphere) contribution to the excess free energy. An interplay between these free energy terms causes that and when the density of fluid between the walls is high enough, the local densities become symmetric again.
The transitions described above resemble those in a pore with impenetrable walls. 21 However, unlike in our previous study, here we have not observed the symmetry changes in the systems containing tethered chains alone. Of course, this difference is a consequence of differences in the models used. Namely, in the previous work, the Lennard-Jones segmentsegment interactions were assumed, while in the present work we have imposed hard-sphere interactions between segments. When attractive segment-segment interactions exist, an interplay between different contributions to the free energy functional can lead to nonsymmetric distribution of tethered chains inside the pore. This is not possible in the case of hard-sphere segment-segment interactions, because the negative contribution to the free energy due to chain connectivity is too small, even for long chains.
One can ask whether the discussed transformations are not artifacts of the theory. However, our previous findings 21 were qualitatively confirmed, partially at least, by computer simulations. 59 Also note that the change from symmetric to nonsymmetric density profiles was also observed and discussed in details in the case of density functional studies of adsorption of spherical molecules confined in carbon-like pores. 60 Moreover, the breaking of the symmetry of density profiles was also found in the case of adsorption of mixtures in pores. 56, 61 
IV. CONCLUSIONS
Let us briefly summarize our observations. The model calculations presented above have demonstrated that even in the case of such simple systems as those considered by us the phase behavior may be quite complex and depends on the details of the model. If the symmetry of the local densities with respect to the plane z = 0 is imposed, then the capillary condensation inside the pore as well as the layering or wetting transitions at the outer pore walls occur. In none of the cases investigated we have found a prewetting transition and only the second-order wetting was observed. The layering transitions have also been found to affect the "inner" adsorption isotherm. Each layering transition causes a small discontinuous jump at the inner adsorption isotherm. However, the capillary condensation has been found to result in a small discontinuous decrease of adsorption at the outer adsorption isotherm. When the condition of symmetric distribution of chains between the walls is removed, we have also found the transitions connected with the change of symmetry of density profiles. An initially symmetric distribution of chains and spherical components changes to a nonsymmetric one, with a "mixture" of pinned chains and adsorbate molecules grouped at one wall. A further increase of the bulk gas density has been found to lead to the reentrance of symmetry and the pore filling. This situation is different from the changes observed previously 21 , where the segment-segment interaction was of the Lennard-Jones type. In the latter case a nonsymmetric distribution was also observed for systems involving no spherical molecules of fluid species.
All our calculations were carried out using a mean-field approximation to calculate the contribution of the free energy resulting from attractive interactions. We are aware that this approach is a crude approximation, and that the approaches based on the so-called first-order mean spherical approximation (FMSA), 62 combined with the fundamental measure theory are more accurate for one-component nonuniform fluids. 63 Although the FMSA was also developed for bulk mixtures, 64 it has not yet been implemented to investigate nonuniform fluid mixtures nor any comparison with simulation results has been given. Instead of FMSA, a mean-field type approach with the mean-field attractive contribution to the free energy weighted by a certain factor has been employed to describe nonuniform mixtures, cf. Ref. 65 .
Our calculations have been carried out for a very simple model. In particular, we have assumed the same sizes of all spherical species and a complete mixing in the bulk phase. Of course, the phase behavior is expected to be much richer when the demixing transition in the bulk phase takes place. Another enrichment of the phase behavior is expected for the chains build of segments exhibiting different properties (e.g., diblock copolymers). However, the proposed approach can be also extended to the case when electrostatic interactions are present. This can be done by modifying the theory along the lines described in Ref. 66 We already know (see, e.g., Ref. 67 ) that for some systems containing ions in contact with a lipid bilayer unexpected effects of ions on the structural and electrical properties of the membrane can be observed. This problem is currently under study in our laboratory.
